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AB Protein purification that combines the use of molecular mass 

exclusion membranes with electrophoresis is particularly powerful as it 
uses properties inherent to both techniques. The use of membranes allows 
efficient processing and is easily scaled up, while electrophoresis 
permits high resolution separation under mild conditions. The 
Gradiflow apparatus combines these two technologies as it uses 
polyacrylamide membranes to influence electrokinetic separations. The 
reflux electrophoresis process consists of a series of cycles 
incorporating a forward phase and a reverse phase. The forward phase 
involves collection of a target protein that passes through a 
separation membrane before trailing proteins in the same 
solution. The forward phase is repeated follpwing clearance of the 
membrane in the reverse phase by reversing the current. We have devised a 
strategy to establish optimal reflux separation parameters, where 
membranes are chosen for a particular operating range and protein 
transfer is monitored at different pH values. In addition, forward and 
reverse phase times are determined during this process. Two examples of 
the reflux method are described. In the first case, we describe, the 
purification strategy for proteins from a complex mixture which 
contains proteins of higher electrophoretic mobility than the 
target protein. This is a two-step procedure, where first 
proteins of higher mobility than the target protein are 

removed from the solution by a series of reflux* cycles, so that the target 
protein remains as the leading fraction. In the second step the 
target protein is collected, as it has become the leading 
fraction of the remaining proteins. In the second example we 
report the development of a reflux strategy which allowed a rapid one-step 
preparative purification of a recombinant protein, expressed in 
Dictyostelium discoideum. These strategies demonstrate that the 
Gradiflow is amenable to a wide range of applications, as the 
protein of interest is not necessarily required to be the leading 
fraction in solution. 
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Using the patented Gradif low system in conjunction with newly, 
developed affinity membranes, the suitability of an electrokinetic 
technique for affinity fractionation was investigated. Blue dextran 
incorporated into an affinity membrane was used to deplete a solution of 
horse serum of albumin, with the result that a majority of serum 
proteins were enriched tenfold relative to albumin. The 

technique, when fully developed, would offer some advantages over affinity 
chromatography, since to a degree it is possible to control which 
components of the sample are presented to the affinity matrix. 
Furthermore, the technique would extend the capabilities of. the already 
multifunctional Gradiflow system. 
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AB The Gradiflow is a preparative electrophoresis apparatus, 

allowing fractionation based on a combination of size and charge of 

proteins in their native (unreduced) form. The preparative 

fractionation of two proteins of similar size and isoelectric 

point is demonstrated using the Gradiflow. A separation 

membrane of appropriate pore size was chosen and then fractionation was 

"fine tuned" by selecting an appropriate buffer pH to accentuate charge 

differences between the proteins of interest. Complete 

separation of mg quantities of bovine serum albumin and ovalbumin was 

achieved within 40 min.* 
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AB Thousands of proteins may be visualized on a two-dimensional 

(2-D) get, but only hundreds are present at levels sufficient, for chemical 
analysis. Therefore, pref ractionation of protein samples prior 
to 2-D polyacrylamide gel electrophoresis (PAGE) will be important for the 
investigation of proteins that are present at sub-picogram 
levels in physiological samples. We describe an approach to 
pref ractionate protein samples prior to 2-D PAGE using the 
Gradiflow, which is a new (preparative) electrokinetic membrane 
. apparatus designed to fractionate proteins in a number of 
different ways. We have fractionated human serum under nonreducing 
conditions using the 'reflux* mode, in which proteins are 
fractionated according to their relative mobility under controlled 
electrophoretic conditions, where the current is periodically reversed. 
We describe how fractionation occurs and present examples of enrichment of 
specific proteins. 
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AB Precast gradient gels of short migration length (25 mm) have been 

developed to provide rapid electrophoretic separation without loss of 
resolution. These Micrograd gels have been prepared in gel ranges 
(conventional and unique) to match pore-gradient electrophoresis 
conditions to proteins/peptides ranging in size from several 
hundreds to millions. The Hylinx Micrograd gel combines an extreme gel 
range (6 to 4 8% polyacrylamide) with a novel crosslinker to provide 
sieving of polypeptides, and pore-limit electrophoresis of the smallest 
proteins (e.g: insulin monomer). All gel ranges (such as 3 to 
30%) provide zone sharpening in routine analysis of conventional 
protein mixtures (e.g. serum) within 10 min electrophoresis at 200 
• to 300 volts. The gels are thin (1 mm) and thus stain quickly, but the 
gel cassette is of conventional overall width (83. mm), thus fitting, many 
apparatus designs and accommodating 12 samples. The gels are finding 
valuable use in screening applications, requiring the electrophoretic 
analysis of many samples, and in cases where a rapid answer is needed, 
such as monitoring protein purification. The gels have proved 
particularly useful, in-house, for the latter application in developing 
Gradipore's new large-scale preparative electrophoresis system, the - 
Gradif low. 
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AB The LM-1000 Gradiflow system (Gradipore Ltd,, Sydney, Australia) 

is described for the title process that has the following advantages: it 
permits purification of 1 species of macromol. from a complex mixture in 
quantity; it provides high purity for the target macromol.; it gives rapid 
throughput in the sample ranges of many milligrams to many grams with 
potential for even larger throughput, preferably on a continuous basis; it 
works under conditions that would not cause protein denaturation 
or contamination with extraneous compds . ; and it is adaptable to other 
applications such as salt removal and concentrating functions. 

ST protein preparative membrane electrophoresis LMIOOO 
Gradiflow 

IT Concentrators 

Membrane, biological 

(large-scale . preparative electrophoresis of proteins) 

IT Proteins, preparation 

RL: PUR (Purification or recovery); PREP (Preparation) 
(large-scale preparative electrophoresis of proteins) 

IT Salts, processes 

RL: REM (Removal or disposal); PROC (Process) 

(large-scale preparative electrophoresis of proteins) 

IT Electrophoresis and lonophoresis 

(preparative, apparatus, large-scale preparative electrophoresis of 
proteins) 
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quantity; it provides high purity for the target macromol.; it gives rapid 
throughput in the sample ranges of many milligrams to many grams with 
potential for even larger throughput, preferably on a continuous basis; it 
works under conditions that would not cause protein denaturation 
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AB The adsorption properties of protein A hollow fiber affinity 

membrane were studied using human y-Ig as a model protein. 

Anti-human chorionic gonadotropin monoclonal antibody was purified from 

mouse ascites. SDS-polyacrylamide gel electrophoretic anal. 

showed that the purified antibody has high purity. 
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AB The application of a medium-free, continuous-flow electrophoretic 

separation was evaluated for the characterization and purification of rabbit 
serum proteins and antibody. Electrophoretic sepns . 

of large vols, of whole antiserum, serum, or fractions which corresponded 
well to the distribution of serum proteins in agar gel or other 
types of electrophoresis were obtained. Considerable 
electrophoretic heterogeneity was observed for the antibody of 2 
pooled sera. The electrophoretic method described is a useful 
addnl. method for the preliminary physicochem. purification of antibody. 
23 references. 
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difluoride, is positioned to serve as a septum between the buffer chambers 
and is adapted to permit free flow of electrophoretically driven 
proteins across the diameter of the conduit. The membrane is 
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The title method and apparatus, for the continuous separation of a target 
protein or protein fraction from a protein 

mixture containing ^2 proteins at a pH equal to the pl of the 
target protein, is provided. The apparatus includes >1 

nonionic, nonelec. conductive porous membrane conduit through which the 
protein mixture-containing solution is passed. The conduit, of 
polysulfone, polyether sulfone, polypropylene, or polyvinylidene 
difluoride, is positioned to serve as a septiim between the buffer chambers 
and is adapted to permit free flow of electrophoretically driven 
proteins across the diameter of the conduit. The membrane is 



impregnated with a hydrogel to decrease its hydraulic permeability. The 
conduit is subjected to the influence of an elec. field substantially 
perpendicular to fluid flow through it, resulting in movement of all 
. charged proteins from the conduit lumen. The target 

protein, which is unaffected by the elec. field when the pH is its 

pi, is collected from the conduit outlet in substantially purified form. 

Thus, a polypropylene fiber membrane (0.2 ^m pore diameter) was 

impregnated with 1% (weight /volume ) agarose and the dry membrane was wetted 1st 

in Me2CH0H, then in water. The rewetted membrane was submerged in 1% 

agarose at .apprx.60° for 16-24 h, then drained of excess hydrogel, 

cooled, and mounted in the apparatus chamber (schematic diagrams included) . 

Using 0.06 M barbital buffer (pH 8.6) as carrier buffer, the apparatus was used 

to sep. y-globulins from a protein mixture also containing 

cytochrome C and phycocyanin. The presence of y-globulins inside 

^the membrane and the selective removal of cytochrome C and phycocyanin 

into the surrounding buffer chambers was confirmed by gel 

electrophoresis anal . 

ST app continuous isoelec protein sepn; membrane conduit continuous 
isoelec protein sepn; polypropylene agarose membrane isoelec 
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